In this paper we study the possible amplification architecture for passive optical network, in particular we study the interaction of different amplification system. We also propose a novel scheme to implement a signalling channel by direct modulation of the pumping signal.
INTRODUCTION
Network operator interests in Passive Optical Network (PON) have been grown in the last years because of the high bandwidth this technology can bring into the access segment and because the low capital expenditure per user per bit it comports. This is also a low power consumption technology and the passiveness of the Optical Distribution Network (ODN) reduces the probability of failure and the necessity of maintenance. Moreover PONs allow a great scalability. This means that network operators can plan their investments starting by the realization of the FTTC. They can afterwards enhance the penetration of the fiber and realize the FTTB and FTTH without any change to the pre-existent Optical Distribution Network (ODN), this scalability allows to distribute the investments, reducing the starting expenditure.
Both in the GPON and in the EPON Standards, the ODN can reach up to 64 Optical Termination (ONU or ONT) with a maximum distance between CO and ONT of 20 km. Overcome this two limits will further enhance scalability and will reduce of the cost per user per bit. So on this topic focuses the effort of many, splitting losses and the attenuation of propagation have to be reduced or amplification has to be introduced in PON.
AMPLIFICATION IN PON
Amplification can be in the CO to enhance the launching power, introduced in nodes of the network or distributed along the network. In this paper we analyze this option describing difficulties, benefits and opportunities.
The Er-doped fiber amplifiers are important components in optical communication links for their high gains, low noise and compatibility with standard single mode fibers. The remote pumped systems based on erbium doped fibers (EDF) is an interesting solution in the access segment especially in passive optical fiber based plants. In a remote pumping system, total gain and total noise figure (NF) are determined by the length of doped optical medium (EDF) and its collocation in the transmission system. Maximum gain and minimum total noise figure cannot be achieved at the same time.
In the basic remote pumping systems the pump signal reach the EDF through the transmission fiber so the available pump power is limited by the fiber loss. Since the fiber losses at 980 nm are prohibitive for long reach, but are quite acceptable at 1480 nm, it is possible to pump a remote EDF facing more or less a typical 0.24 dB/km loss value. Using a remote pump powered system, also with a low operating power, it is possible to increase the transmission distance and or the splitting ratio. It is also implementable an alternative configuration for remote pumping with a dedicated pump fiber.
Another kind of amplification system is based on the Raman effect also know as distributed remote amplification (DRA). The Raman amplifiers have been used in DWDM transmission systems in order to improve the noise performance and to stretching the wavelength bandwidth for optical communications. Raman by itself is a cost-effective technology because allows to increase the power signal with a simple and therefore inexpensive implementation. Moreover, it can be used to upgrade existing transparent transmission systems and can co-exist with remotely pumped EDF. This become crucial for example in submarine constellation optical links, close to the coasts, where is impossible to add standard lumped DFAs. Th.P2.7
Another possible solution is the use of Er-doped fiber booster amplifiers; it is a valid solution to obtain an increased transmission distance improving the total transmitted power. This solution can solve the power budget for the down-stream. Moreover, we present a solution to implement a signaling channel exploiting the pump residual of the booster located in the CO. On the other hand this solution cannot be implemented stand-alone, because do not increase the up-stream signal, so it is necessary to use another solution for up-stream signal. Figure 1 . The general set-up we used to test the amplification systems we considered.
EXPERIMENTAL SET-UP
In Fig.1 we report the general Set-up we use for testing the amplifying system. An external cavity laser (ECL) simulates the signal of the OLT, this signal could be amplified by an EDFA booster. After the coupling of pump and signal we have 3km long standard fiber span, in order to simulate propagation, and a doped Fiber (EDF) sample. An optical spectrum analyzer (OSA) to verify the system performance. We tested the performance of the system in terms of amplification of a C band signal and in terms of pump depletion. We furthermore tested the EDFs pumping with a wavelength 1428 nm, unusual for erbium pumping but usually employed for Raman amplification in the C band.
With this configuration we tested the EDFs:
• EDF1 Doped with Er 500 PPM 2,5 meters long,
• EDF2 Doped with Er 500 PPM 5 meters long,
• EDF3 Doped with Er-Yt 500 PPM 7 meters long.
In Fig 2, 3 and 4 we report the result of amplification and pump depletion. We can note the use of longer fiber can produce the higher amplification, but comport higher pump depletion. The solution for signalling we proposed is based on the direct modulation of the pump diode present in a standard EDFA booster. Its residual will travel on the ODN distributing the signalling to all the ONUs. Evaluation in terms of BER for both the payload C band and the signalling signal performance has been performed.
Figure 6. BER measurement of the signaling channel (left hand insert) and of the payload channel (right hand insert)
Results reported on Fig. 6 demonstrates how this signalling system is able to operate without reduce the performance of the payload channel (working in the C band). The maximum distance of this system is strictly depended on the wavelength pump in use, but also with the worst case we tested (980 nm) the system can deliver the signal channel to more than 2 km. That is the average length of the access network in Italy. Using other wavelengths, more suitable for propagation along fibers, long reach PON structures can be easily covered.
CONCLUSIONS
The necessity to study the amplification in passive network is a topic which importance is well accepted. We evaluate the possibility to integrate Raman Distributed Amplification and Remote Pumped EDF. Moreover we measured the residual from this second stage of amplification, the EDFs, to evaluate the possibility to use it to pump a further stage. To evaluate the possible integration of Raman and remote pumped EDFs we chose a pumping wavelength, 1428 nm, that comport sever attenuation in fiber and it is also not very efficient for erbium pumping; even so the results we find are quite encouraging. We also demonstrate the possibility to use the modulation of pump diode in a standard Booster in the CO to set up a signalling channel for passive network.
